As argued by literature and consultancy reports, logistics enhances both productivity and competitiveness of several manufacturing supply chains. The analysis of the efficiency trends of logistics providers may shed light on some relevant aspects that can impact on the competitiveness of national industrial systems. Thus, the paper focuses on the Italian logistics supply, shedding lights on the distribution of the efficiency level within the logistics sector and its causes.
Introduction
Logistics consists in the "process of planning, implementing, and controlling the efficient, cost effective flow and storage of raw materials, in-process inventory, finished goods and related information from a point of origin to the point of consumption for the purpose of meeting customer requirements" (Council of Logistic Management 1998). The relationship between logistics and production is quite strict because logistics doesn't only act as industry itself but mainly it serves other industrial sectors (e.g. Skjoett-Larsen 2000; Stecke and Zhao 2007) adding value to production outputs, encountering the changing market needs and assuring that goods are given where and when necessary, with a reliable, safe and efficient distribution (e.g. Fugato et al. 2008) . Moreover, logistics might become a strategic element for small firms development -as underlined by Halley and Guilhon (1997) and Groer et al. (2008) -providing advanced innovative services able to increase the firm remunerability (e.g. Altug and Aydiniliyim 2016) .
All the goods that we daily consume take advantages of the logistics services. Economic globalisation, enhanced by the dramatic reduction of unitary transportation costs, has increased the relevance of logistics and its impact on the competitiveness (e.g. Clark et al. 2004; Clifton et al. 2006; Bolumole et al. 2015) as well as on sustainability (Iannone, 2012 and Bottani et al. 2015) of manufacturing industries. Despite this, as argued by Chow et al. (1994) and several authors afterwards (e.g. Fugate et al. 2010 ), a definition of logistics performance -and its related measure -is not easy to be universally identified due to the heterogeneity of activities included in the logistics sector. Nevertheless, as underlined by Fugate et al. (2010) , the efficiency and the effectiveness of the logistics activities are key elements in order to increase the performance of the related sectors. Moreover, Griffis et al. (2007) pointed out how the importance of measuring performance of logistics providers is crucial for their own success in the long run. Wanke (2012a Wanke ( , 2012b Wanke ( and 2010 underlines the importance of evaluating determinants in logistics performance in order to better identify environmental variables that might foster logistics activities.
As argued by Pagliaro (2013) on a book studying Italian logistics: "without the network […assured by logistics activities] our Country has grown till it was possible" but without an expansion of this "network" economic growth is harder to realize. The recent economic crisis showed some weaknesses in the Italian industrial organization. These elements already existed but they were previously hidden by the GDP and industrial growth and today the lack of efficiency in the logistics sector is becoming more evident than in the past (Confetra 2011) . Moreover, several authors (e.g. Bottani et al. 2015) underline how logistics sector is strategic to foster sustainable growth of specific industrial districts. Given the current role for logistics, the added value depends on the ability to provide solutions that enhance the service efficiency across the overall supply chain. This aspect depends mainly on the range and the quality of higher value added services offered by logistics providers to the industrial sector. As stressed in Ferrari et al. (2013) , Italian logistics firms register a softly decreasing trend for efficiency also due to their small size (on average) that prevents the exploitation of scale economies. Moreover, Ferrari et al. (2013) show that some variables like the legal form of companies and their size may become strategic elements for efficiency gains. The above-mentioned paper just found current logistics efficiency scores (through a Data Envelopment Analysis [DEA]), linking it on some operational or managerial factors. While the importance of the logistics sector is normally well recognised in literature and by industrial associations (e.g. Confetra 2011), there are currently few studies aiming at understanding current performance patterns in the Italian logistics industry. Moreover, none of these studies tried to identify companies' characteristics and their effect on the industry performance.
Current paper tries to fill this gap. The goal of the paper is achieved through a two-stage methodology: the first stage (a DEA) will identify efficiency scores for every Italian firms included in the sample while the second stage (a regression) will link the efficiency results to companies' characteristics in order to understand the role that some firms' elements may play in conditioning or increasing the sample efficiency.
In order to do it a large sample of Italian logistics providers has been studied as well as a period of time that overcome the economic crisis allowing us to test the response of logistic sector to the financial crisis.
The sample consists of 139 logistics firms headquartered in Italy whose primary activity is recorded in the Italian Chamber of Commerce database (i.e. Cebil-Cerved) as logistics operations (i.e. NACE code n.522922).
The mentioned database collect all the balance sheets of every Italian company and our sample represent about 20% of the overall companies representing the Italian logistics sector. Since the official database is characterised by a "registration" lag before including the data of (mainly) smaller firms, missing values are common for the most recent years. For this reason, the investigation stops at the 2012 financial year. On the other hand, 2006 data are used in order to have also information pre-economic crisis. Moreover, the sample has been built in order to mainly consider the companies that are always active in the whole considered period. This choice has been made in order to evaluate the effects of the different characteristics. Fig. 1 exhibits the distribution of the sampled firms on the Italian macro-regions. The majority is located in the North of the Country (equally distributed in the North West and North East regions), while only a fifth of the sample is localised in the Southern of Italy and the lowest share is located in the Centre. The distribution of revenues collected by our sample confirms a relevant concentration in the North West (see fig. 2 , referred to 2012) that accounts for over 60% of global revenues; North East (16%), Centre (14.6%) and South (7.8%) follow.
Figure 1: Sample distribution
Source: Our elaboration on Cebil-Cerved data.
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Figure 2: Sample distribution in terms of revenues for the year 2012
The impact of the economic crisis on the logistics sector is testified by the fact the in all macro-regions, but
North West, the number of firms recording a volume of revenues higher than the regional mean has been decreasing since 2006.
Literature Review
In the recent years, several papers (e.g. Marchet et al., 2016; Wanke 2012a; Dayou 2010; Wanke 2010; Liu e Fu 2009; Zhou et al. 2008; Joo 2006 and objective DEA model in order to identify the efficiency of third party reverse logistics provider in supply chain and they tested it for a case study. Recently, Marchet et al. (2016) linked efficiency gains to innovation parameters through a DEA applied to the Italian 3PL market. Similarly Wanke et al. (2014) and Wanke (2014) focus on the trucking industry demonstrating similar patterns in terms of efficiency determinants.
Concerning the Italian market, Ferrari et al. (2013) used DEA to get the efficiency trend both for a closed
and for an open sample of Italian logistics firms: the authors found that some firms' characteristics (like type of corporation, size and geographical localization) typically match with higher efficiency levels without looking at clear empirical connections of these links.
Thus, previous studies on the logistics markets have been generally directed to rank different providers or to correlate efficiency levels to some specific variables more than discovering aspects that may influence the achievement of a specific performance. Considering past researches on the logistics sector, efficiency studies are normally developed through a one-stage analysis, either parametric (e.g. Stochastic Frontier
Analysis [SFA]) or no parametric (e.g. DEA); as said DEA is the most common research tool given its flexibility.
While to analyse other sectors, two-stage analysis have been already used (e.g. ), at the best of our knowledge only few papers (e.g. Wanke 2012) applied similar methodologies to the logistics industry and none of them to the Italian market. Thus, in respect to existing literature, our approach can better identify current critical issues related to the low efficiency level of the Italian logistics sector.
The possibility to analyse the role and the impact of the so-called environmental variables on efficiency represents a well-debated open question (e.g. Barnum and Gleason 2008; Bracalente and Polinori, 2010) .
Some authors apply a two-stage procedure: the efficiency scores -worked out at the first stage with traditional techniques -are regressed on possible environmental or firms' specific variables at the second stage. To this end, while some papers exploit traditional econometric models (e.g. Buzzo Margari et al. 2007; Balaguer-Coll et al. 2007 ), others shed light on possible distortions due to the potential correlations among these explicative variables and the efficiency levels. For instance, Kumbhakar and Lovell (2000) highlight some econometric problems if the estimated efficiencies (through SFA) are regressed against other exogenous variables in a second-stage regression.
To overcome these shortcomings, starting from the seminal paper written by Simar and Wilson (2007) , potential distortions are corrected by using at the second stage some bootstrapping procedures. Recently Bergantino et al. (2013) and da De Oliveira and Cariou (2014) adopted this approach in the transport field:
while the former studies the role for transportation infrastructures on the efficiency of R&D at a regional level; the latter investigates the determinants of the efficiency of container terminals. Following this strand of literature, the present paper exploits this technique in order to better understand the role of some explicative firms' specific variables in determining the efficiency of logistics sector for a seven years period (2006) (2007) (2008) (2009) (2010) (2011) (2012) .
Methodology
Our analysis adopts a two-stage procedure: at the first stage efficiency scores are found through the Data Envelopment Analysis (DEA) with variable returns to scale (VRS). The variable returns to scale are preferred for the selected sample, taking into account the differences in size of the analysed logistics firms (we carried out also the analysis with the constant returns to scale [CRS] ; the results are consistent to the those shown in this paper); and at the second stage a truncated regression is used with bootstrapping (2,000 bootstrap replications) for the selected firms, in order to estimate the links among the efficiency scores and some firms' specific variables.
For both operational and financial efficiency definitions, most of the literature uses main operational or financial inputs and outputs. While some authors (e.g. Wanke 2012a) use physical operational values (e.g. work force, warehouses), authors that are interested in financial performance normally use balance sheet data (e.g. Zhou et al. 2008 ). In accordance with previous studies, efficiency scores are then based by main financial items: labour costs, material costs, services costs and tangible fixed assets as main inputs and revenues as main output. Since the second stage of the analysis aims at linking efficiency to main firms' specific attributes, some of the operational characteristics have been considered (e.g. internationalization, specialization, age, type of corporation and size).
The selected firms constitute a cohort (or a closed sample of firms) characterised by the availability of data for the overall considered period, as this time windows analysis drives to a homogenous trend of comparable outcomes.
The data
The model uses information about economic and financial variables and variables characterising the environment where firms operate. As recalled, economic and financial data refer to the tangible fixed assets and to the main operating costs: labour, material and services costs. Table 1 3). Table 2 reports the firms' specific variables used at the second stage. These variables represent company characteristics that may potentially impact on efficiency scores; at the same time, they represents also factors that could promote added value for the providers' clients. Different factors have been considered but in the current analysis only some of them have been actually implemented in the analysis:
internationalization (dummy that is 1 if the selected firm controls foreign firms or dispose of stable foreign organizations or simply offers export services as detectable from the website), specialization (dummy that is 1 if the selected firm offers logistics services in favour of a specific industrial chain, while it is 0 if it offers diversified logistics services), age (continuous variable given by the difference between the foundation year and the reference year for each balance sheet data), size (dummy which is 1 when the selected firm size is over the sample median) and type of corporation (dummy that is 1 in case of limited corporations and 0 in case of cooperatives or consortia). Also a territorial variable is included in the model given the different regional differences currently characterising Italian economy (i.e. North West, North East, Central, and South Italy). These geographical variable represents the company's headquarter location. Concerning internationalization, a binary variable is used, e.g. if a selected firm is internationalized, the related dummy takes value 1 (else 0). The low propensity to internationalization for Italian logistics firms is testified by the null value for the median and by a 0.2 value for the mean. Similarly, only a minor share of our sample is specialized in favour of a specific productive chain (specialization). Considering the age variable, the set of companies studied is in a maturity stage (mean age: 17 years; median age: 12 years). As for the type of corporations, limited companies largely prevail in the sample. It is worth noticing that other relevant external variables have been considered, as the GDP per capita and the infrastructure endowment.
Nevertheless, the related coefficients proved not to be statistically significant, without any relevant effect on other covariates and for this reason we decided to exclude them from the analysis.
First stage
Logistics firms offer a wide range of heterogeneous services, such as transportation, goods distribution, packaging, value added services, etc. Given this heterogeneity, it is preferable exploiting a non-parametric method in order to avoid distortions due to a pre-determined production function, as discussed by Zhu (2016) . DEA is one of the most widespread non-parametric methods to analyse both logistics and transportation sectors: this linear optimization technique compares different firms' performances (Decision Making Units -DMU) through their input and output profile (see Wanke 2012a and 2012b; Basta and Ferrari 2010; Cullinane and Wang, 2007; Min and Joo 2006) . DEA selects the firms that, given a certain input mix, maximize their output (or, vice versa, given a certain output, are able to minimize their input mix), and in accordance with the aim of the analysis -output maximization or input minimization -input oriented or output oriented DEA models may be used, respectively. After identifying the efficient firms' set, it is possible to define the efficiency frontier, and efficiency scores are given taking into account the distance of each firm from this frontier: these scores reflect efficiency in relative terms and the distance allows to carry out a correct comparison only within the selected sample or among homogeneous groups of DMUs (as possible in our case with the selected time windows).
DEA was firstly introduced by Koopmans (1951) and Farrel (1957) and the formulation used in this papers is based on the development introduced by Banker et al. (1984) to study the efficiency levels under the hypothesis of variable returns to scale (VRS).
From a formal point of view, given K=1,2,…,k selected firms and = 1 , 2 , … , as the set of inputs with = 1 , 2 , … , the related set of outputs and λ a non-negative matrix (i.e. with all the elements λj, nonnegative). The efficiency scores can be estimated through the following linear programming model:
As said, solving the linear optimization model it is possible to identify efficiency scores for each included DMU.
As already mentioned, and in accordance with relevant literature, the analysis has been conducted using one output and four inputs: on the one hand it exploits firms' revenues and on the other hand labour, services, material costs and tangible fixed assets are the inputs considered.
Taking into account the possible distortions due to some outliers, the analysis has been carried out both with all the selected DMUs, and without those reporting excessively high or low values for inputs and output (outliers). In both cases, beyond some specific scores differences, the efficiency trend and average level look very similar, giving robustness to our findings.
Second stage
In the second step of the analysis, the efficiency scores for each firm are used as dependent variable in a Thus, following De Oliveira and Cariou (2014), we exploit a truncated bootstrapped regression that iterates the estimates, in order to identify the statistics distribution where unknown, due to the sampling design (Green, 2008) . Since a cluster analysis is used, the Simar and Wilson (2007) bootstrapped regression remove the potential estimates distortion for the two-stage approach that is debated in literature. This distortion may come from the eventual high correlation among the second stage explicative variables, the efficiency scores and the inputs and outputs used for the DEA (however we observed a very low correlations among our variables, through the correlogram). Thus, the second stage is formed by the following regression:
where DEA represents the efficiency score for the k th DMU, and z stays for the set of firms' specific variables, potentially impacting on efficiency, while ε represents the error term.
The second stage estimation aims at determining the possible relations among efficiency scores and firms' conditioning variables (z). Keeping in mind the available micro-data and the literature about the main firms' features impacting on DMUs' productivity, the following variables were selected: size, specialization, internationalization, age, geographical localization and type of corporation. These covariates are not exhaustive, since other possible explicative variables may exert some influence on firms' efficiency (e.g. for the variable "internationalization" it should be preferable to use continuous variables such as export revenues, but data are not available, since this is a common missing variable for most of the firms included in specialised databases).
Results and discussion
According to the outcomes of the first stage analysis, the mean efficiency for our sample exhibits a decreasing trend during the period 2006-2012, even with a rebound starting from 2010. By using a "closed sample" we are able to check for the efficiency evolution over the studied period; however, the average efficiency level probably overestimates the real Italian logistics performance (as also underlined by Ferrari et al. 2013) given the exclusion of the companies that are not consistently present in the database.
Looking at table 3, the VRS-DEA analysis reports a progressive growth for the number of efficient DMUs till 2010 and a decreasing trend in the following two years. The efficiency trends for the four Italian macro-region, appear to be rather consistent with the national trend apart some (small) differences. For the North East, for example, despite the fluctuations, efficiency shows a slight reduction over the period and at the end of the 2012, this is the region with the lowest efficiency scores. The North West too registers a small decrease. On the contrary, even if struck by the economic crisis, the Centre and the South of Italy exhibit a small increase for efficiency level. But if we look at the mean efficiency score for the overall period, instead of the seven years trend, we find that the North West is the best performing area (mean efficiency: 0.937), while the South shows the worst results (0.894);
the Centre (0.925) and the North East (0.909) stay in intermediate positions.
Figure 4: efficiency trend by geographical areas
Moreover, the large majority of efficient DMUs stays in the North West. Starting from the second half of the considered period we observe a reduction in the number of efficient DMUs, especially in the Northern regions, while an increase is registered for the South located firms. To identify the possible impact of firms' size on efficiency, we divided our sample between the large firms (or those with revenues above median of the sample) and small and medium enterprises (SMEs; having revenues under the sample median). Two distinct DEA analyses were carried out on these subsamples whose results are summarized in figure 6 . The large firms always perform better than the SMEs; moreover, large firms show more stable results over the seven years and proved to be resilient also at the crisis climax. Large companies SME Table 5 summarizes the results coming from the second stage. Looking at table 5, first we find that size has a positive and statistically significant effect, so that, on average, firms with revenues over the sample median show higher efficiency scores. Other two explicative variables show statistically significant coefficients, the first at a 1 per cent and the second at a 5 per cent confidence interval. On the one hand the variable age has a negative but very low coefficient; indeed, on average longlived firms exhibit lower efficiency during the crisis, presumably reacting slowly to a changed market scenario. On the other hand, the variable specialization registers a negative effect on efficiency: being specialized to support a specific productive chain might represent a weakness in the depression phase of the business cycle, while a diversification strategy contributes to increase the efficiency score.
On the other hand, the variables type of corporation and internationalization register non-significant impact on efficiency. Considering the first covariate, Ferrari et al. (2013) Moreover, to check the robustness of results, the analysis was repeated excluding the sample's outliers.
Again, we find that size impacts on efficiency, while age has a negative effect on the firms' ability to react to a negative economic conjuncture, even if very low (in this latter case the coefficient for the variable specialization registers a statistics robustness loss).
Finally, the analysis was repeated for each Italian macro-region to check for the impact of the explicative variables across geographic location. The outcomes depend also by the heterogeneous distribution of the sample across the country; all in all we find again that size is the most impacting variable (except for the South), while age and specialization lose statistics significance; in the North West, where is located the large majority of internationalized firms, also the dummy internationalization has a positive effect on efficiency.
Insights for practitioners
Current study showed how efficiency depends on some company characteristics and how specific strategies (e.g. specialization), general elements (e.g. age) and external characteristics (e.g. location) can impact on the achievable level of efficiency. For this reason, the results seem to suggest that every company, in the aim of pursuing an increasing level of efficiency, should take into account different "environmental" factors and not only internal characteristics (such as the industrial process). In fact, while the DEA outcome is linked to the input-output ratio, the fact that the second stage was able to identify a clear connection between some external variables and the level of efficiency refers to those external elements that the industry should identify outside the normal production process in order to increase its efficiency. This fact seems to be even more important during the period of economic crisis, as the period of time analyzed in the study. In order to achieve this goal, every logistics company should, for instance, increases its competitive position in serving a specific market (i.e. specialization) more than diversifying its set of clients. This result seems quite interesting in a period of increasing innovations and tendency of logistics diversification. In fact, while global players try to compete in various markets, results suggest that the specialization on a specific supply chain could create a competitive advantage for many companies, at least in terms of firm efficiency. Moreover, while some factors are completely exogenous for the company and cannot be modified (in the short run)
by managers (e.g. location) some others (i.e. age) reflect a more conservative approach of firms and a difficulty to innovate the companies' products: this can impact on the level of efficiency, as also suggested by Marchet et al. (2016) .
Concluding remarks
Logistics is becoming a major fundamental economic sector not only as an industry itself but mainly for its contribution to featuring manufacturing firms' productivity. This is the reason why we investigated the Italian logistics industry through an analysis based on a two-stage methodology aiming at (i) estimating the Italian logistics firms efficiency and (ii) defining -and possibly measuring -some characteristics impacting on the efficiency level. This double-stage approach has been rarely applied to similar problems and allows the study to find main efficiency drivers (in terms of I-O) and environmental variables. efficiency exhibited a small decrease, due to the demand fall determined by the economic crisis; firms located in the South register lower efficiency scores; cooperative firms performed better, having lower tangible fixed assets and more flexible labour force; finally, large firms appeared more efficient and were more resilient to the adverse economic conjuncture. Long-lived firms (the variable "age" in our model)
register lower efficiency scores (in comparison with the rest of the sample) this implies that firms well established in the market are more conservative and react less rapidly to a diminishing demand). Being specialized to offer logistics services in favor of a specific industrial chain resulted as a weakness point for efficiency (the unfavorable business cycle may determine a fall in the demand for specific industrial chains, not compensated by an adequate diversification for supply). Moreover, in the North-West, the region that host about 60% of internationalized firms, the variable internationalization has a positive impact on efficiency. Finally, three other possible covariates -being part of a multinational group; the NUTS-3 level per capita GDP; and the NUTS-3 level of infrastructural endowment -do not robustly conditioned the efficiency level (for the two latter variables, due also to the low variability of data along the considered time period). It is interesting to underline how these results seem consistent also with another recent study (i.e., Marchet et al. 2016 ) that pointed out a link between efficiency and innovation in Italian 3PL firms even though current study is more focused on strategic elements (such as specialization, company size and others) than services quality (such as the capability to offer innovative solutions to the clients).
The study not only shows the regional gap of logistics providers, for instance in terms of size, but underlines main characteristics that impact on the logistics efficiency level: size, flexibility and possibility to be part of an international network. Where these factors are more common, logistics providers perform better and are more resilient to the economic crisis.
The methodology applied in this research -combining DEA with a bootstrapped regression analysis -gives useful insights on the role that some environmental characteristics have on the economic efficiency of logistics providers across the country. On this regard, the results of this study might be useful in order to better understand incentives or other policy tools aiming at improving the national logistics sector. In particular, this study highlights how the existence of a fragmented industry, where the model of the small firms is still prevalent, undermines the economic performances of the industry itself and does not properly support a manufacturing sector structured on firms geographically dispersed and demanding high service quality.
Being aware of the limitations of the study (e.g. potential use of different data to estimate some external elements [e.g. export] or the substitution of regression with a Tobit estimation), nevertheless these results may be useful to further investigate the optimal size for logistics firms and other aspects, such as the capability to promptly react to a change in market conditions, the ability to diversify business in favor of other destination markets or industrial chains and the propensity to offer services at an international scale.
Moreover, further development will focus on the possibility to better understand the effects of collaboration among the logistics companies as well as the performance of the service network.
